A 41-year-old woman treated with isoniazid (INH) for latent tuberculosis infection and an oral corticosteroid for sarcoidosis developed severe anemia two months after initiating INH. A bone marrow examination showed erythroblastopenia, and a diagnosis of INH-induced pure red cell aplasia (PRCA) was made. Her reticulocyte count and hemoglobin levels improved two weeks after discontinuation of INH. A literature review of INH-induced PRCA shows that it occurs very rarely in the context of autoimmune disorders. This report describes a case of INH-induced PRCA occurring in a patient with sarcoidosis.
Introduction
The routine treatment of active tuberculosis and latent tuberculosis infection (LTBI) has increased with the availability of biological drugs. The side effects of anti-tuberculosis drugs include various hematologic side effects. Reports indicate that isoniazid (INH) causes eosinophilia, leukocytosis, neutropenia, thrombocytopenia, autoimmune hemolytic anemia, pure red cell aplasia (PRCA), and sideroblastic anemia. PRCA is a rare complication caused by the disruption of hematopoiesis by INH. Secondary PRCA can be induced by viral infections, anti-erythropoietin antibodies, thymoma, chronic lymphocytic leukemia, pregnancy, drugs, and autoimmune disorders such as rheumatoid arthritis (RA), myasthenia gravis (MG), mixed connective tissue disease (MCTD), and systemic lupus erythematosus (SLE) (1). 
Case Report
A 41-year-old woman, who had been followed-up for non-B, non-C, non-alcoholic chronic hepatitis, presented with increased exertional dyspnea and thus was hospitalized. The diagnosis was worsening interstitial pneumonia by sarcoidosis, and she was started on prednisolone (PSL) 20 mg/ day. Sarcoidosis had been diagnosed two years prior, when she had presented with pulmonary manifestations of sarcoidosis. At that time, she had had elevated angiotensinconverting enzyme and γ-globulin levels and a negative tuberculin skin test result. During the current admission, an interferon-gamma release assay (IGRA) revealed positive results. Sputum cultures were negative for Mycobacterium tuberculosis, and there was no evidence of active pulmonary tuberculosis on computed tomography (CT). We diagnosed the patient with LTBI. To prevent inducing an active case of tuberculosis due to the use of oral corticosteroid therapy, INH treatment for LTBI was started one week after the initiation of PSL.
Approximately three months later at a routine follow-up visit, the patient reported the recurrence of exertional dyspnea starting several weeks prior. A laboratory analysis showed a hemoglobin level of 5.9 g/dL, a reticulocyte count of 2,000/μL (0.1%), and unchanged thrombocytopenia secondary to splenomegaly and chronic liver dysfunction (Table 1). Iron, vitamin B12, and folic acid levels were normal. CT, esophagogastroduodenoscopy, and colonoscopy showed no evidence of worsening interstitial pneumonia or internal bleeding. A bone marrow evaluation confirmed a significant decrease in the number of erythroblasts, with a high myeloid:erythroid ratio (206:1), but no cell dysplasia (Figure A and B) . There was no evidence suggesting any other collagen disease, malignant tumor, or infections such as infectious mononucleosis or erythema infectiosum. The patient had no fever, exanthema, or arthralgia, and none of her family members had infections such as infectious mononucleo- 
Discussion
INH-induced PRCA is a very rare form of drug-induced PRCA, with only 16 cases reported since 1964 (Table 2) . This is the first case report of a patient with sarcoidosis in the English language literature. Two cases occurring in Asian patients were reported by Nakamura et al. in 2010 (2) and Shukla et al. in 2014 (3) . No influence of race or ethnicity on the onset of PRCA was found. In the present case, an oral corticosteroid was initiated for the treatment of worsening sarcoidosis, with the concomitant use of INH for LTBI. Secondary PRCA associated with autoimmune disorders such as RA, MG, MCTD, and SLE has been re- ported (4). However, very little has been reported about sarcoidosis and PRCA. Hematopoietic complications are very rare in sarcoidosis. We found two articles describing PRCA in association with sarcoidosis. In one, the patient was diagnosed with parvovirus B19-induced red blood cell aplasia and thrombocytopenia (5) . In the other, sarcoidosis was complicated by red blood cell aplasia and malakoplakia (6) . Evidence of a direct association between PRCA and sarcoidosis was not found in these cases, nor was it noted in the present case. INH has been shown to induce PRCA. The patient in the present case showed improvement after the discontinuation of INH. Notably, in our case, PSL was started one week prior to starting INH, suggesting that pretreatment with PSL might not have a protective effect against the development of INH-induced PRCA.
Whether or not the exacerbation of sarcoidosis requiring corticosteroid therapy affected the pathogenesis of INHinduced PRCA in our case is unclear. Mizobuchi et al. suggested that a T-cell mediated immunologic response might be associated with the pathogenesis of secondary PRCA (7) . Collagen diseases such as RA and SLE are thought to be associated with PRCA. However, the relationship between PRCA and sarcoidosis remains obscure. Additional studies of drug-induced PRCA in the presence of autoimmune disorders are required to elucidate the mechanism of INHinduced PRCA.
In 16 previous reports of INH-induced PRCA (Table 2) , the sex ratio was 10:6 (male:female), and the average age of onset was 47.1 years, with a wide age distribution (from infants to elderly adults). Blood transfusion was required in > 80% of cases with INH-induced PRCA because the mean period of INH intake prior to the diagnosis was approximately 4.4 months (Table 3) ; therefore, anemia had progressed to an average hemoglobin level of <7.0 g/dL in patients on long-term anti-tuberculosis therapy. However, transfusion may not be mandatory, but may rather depend on the health status of the patient. Most cases of INH-induced PRCA improved after the discontinuation of INH alone, except for one case with underlying MG and SLE (2) . In three cases, INH was re-administered; PRCA recurred in all three (8) (9) (10) . In the case of the patient with MG and SLE, cyclosporine A was added to the existing treatment of PSL; this patient had a longer period of recovery from PRCA (119 days) (2) than the other 15 patients.
In recent years, the increased use of biological preparations has increased the need for anti-tuberculous treatment, including treatment of LTBI. Furthermore, with medical advances, various targeted molecular therapies have been developed, suggesting an even greater need for antituberculosis treatment. Therefore, the use of INH monotherapy for the treatment of LTBI, as in the present case, is expected to increase. It is therefore important to make physicians aware of INH-induced PRCA.
In summary, INH-induced PRCA presents approximately 4.4 months after starting INH. The average hemoglobin level at the diagnosis is 6.4 g/dL, as discovery often happens late. Notably, PRCA recurred in all three cases in which INH was re-administered, suggesting that this practice should be avoided.
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